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FM broadcast quality improvement for car radio

Abstract

The demand for higher audio quality in cars is rapidly growing. Most cars nowadays
have CD-players with high quality audio but still there are problems with the audio
quality of the build in radio receiver. The audio reproduced by the receiver is not of a
good quality compared with a CD player. The receiver produces regularly clicks in
the audio that must be suppressed. Finding the cause of the clicks is essential for
designing appropriate solutions.

In this thesis several methods were used to find the cause of the clicks in order to
improve the audio quality. As starting point a literature study was done to find
appropriate propagation models at 100 MHz. Unfortunately there was no propagation
model found which could be used to explain the clicks.

Due to the result of the literature study the propagation path was modelled by
taking all relevant propagation effects into account, i.e. multipath fading and Doppler
frequency shifts.

Measurements were done in a well-defined environment to verify theoretically
obtained result. In this way, it was possible to simplify the propagation model. In
order to further verify and generalise the result, a channel simulator was used.

According to the measurements, flat fading due to multipath propagation
caused the clicks. In the Netherlands flat fading will cause most of the clicks. The
reason why it is flat fading and not frequency selective fading is the relative small
multipath delay spread in a flat country like the Netherlands. In a hilly country like
Switzerland the delay spread will be larger and therefore also frequency selective
fading can be responsible for the audio clicks.

To produce an audio signal without clicks, caused by multipath propagation, an·
antenna diversity method is proposed, which cancels out both flat and frequency
selective fading. The proposed solution is a basis for further improvement of the audio
quality of radio receivers in cars.
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FM broadcast quality improvement for car radio

1 Introduction

The demand for higher audio quality in cars is rapidly growing. Most cars nowadays
have CD-players with high quality audio but still there are problems with the build in
radio receiver. The audio reproduced by the receiver is not of a good quality
comparing with a CD player. The receiver produces regularly clicks in the audio. To
overcome these problems several adhoc solutions are made. For finding better
solutions it is necessary to start at the beginning: analysing the propagation aspects.

The goal of this study is finding the cause of the audio clicks in the received signal.
To achieve this goal, the initial focus will be on propagation aspects. This is done to
understand the mobile channel at 100 MHz and to explain the audio quality
degradation of the receiver. When the clicks are found to be due to propagation
effects, a new solution is introduced in an existing antenna diversity concept.

As mentioned earlier, the goal is finding the cause of the clicks. To visualise
the research structure and the layout of the report figure 1.1 is given.

The best way is starting at the beginning: analysing the propagation
characteristics. To investigate the propagation characteristics at 100 MHz a literature
study is done (chapter 2). This study is the basis of further research. The search is
focused mainly on different propagation models, which can explain the clicks. The
found models are given in section 4.3.

The theory behind the models is also necessary for implementing a model into
the real world. So therefore the theory is also given. This theory concerns all the
relevant parts, the reflection coefficient, the multipath effects and the Doppler
phenomena.

To return to the real world situation, a well-defined propagation environment
is chosen for doing measurements. It is important that this environment is known to
cause clicks. The measurements showing the clicks in the audio together with the
corresponding signal levels are presented and discussed in chapter 5. During the
measurement there were synchronisation problems. The solutions for these problems
are given in section 5.2.

To further verify and generalise the results a hardware simulation is done. The
result can be found in section 5.6. The hardware simulator cannot take the dimensions
of a building on its reflection coefficient into account. To take the dimensions of a
building into account the theory of Fresnel is used for finding the size of the reflection
area at the face of a building. The result is compared with the real world situation.

Then, the cause of the audio clicks is now known and a proper solution can be
designed. A solution integrated with the antenna diversity solution as already applied
by Catena is given in chapter 6.

Finally general conclusions and recommendations are given in the last chapter
7. For a flow diagram of this MSc study see figure 1.1.
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2 Literature study

Car radio is used for a very long time now, so it is likely to get some information
about propagation characteristics on 100 MHz for analogue PM (Frequency
Modulated) broadcasting. As starting point a literature study is done. The goal of the
literature study is to find published propagation characteristics of the PM broadcast
band on 100 MHz. The focus is on the available propagation models that can be used
to explain the occurrence of audio clicks.

2.1 Search terms and paper selection

To search through the sources, a combination of terms is used. The terms that are used
are mentioned in table 2.1. Making maximum benefit of the keywords, various
combinations are used to create search expressions.

Fadin

100 MHz

Multi ad

VHF

Diffractie / brekin
Model

Ornroe
Radio olfvoort

DAB

Mobiel

Reflectie
Im uls res onsie

Table 2.1: Search terms

A large number of papers is the result, only the models do not describe the
propagation characteristics at 100 MHz. Also the models are based on statistics,
which are not relevant here. To explain the audio clicks a deterministic propagation
model is needed. The other category papers describe a specific problem with a
solution. The problems mentioned in the specific paper are not of any interest for the
project.

To find more relevant papers, a new selection is necessary. Using the
advanced search terms and new selection criteria results in a more usable reference
list. Only papers based on VHF (Very High Frequency) and UHF (Ultra High
Frequency) properties and about analogue PM broadcasting (mentioned in title,
subject or summary) are selected. Of course analogue FM broadcasting is preferred
above digital broadcasting due to the different operating frequencies.

2.2 Literature sources

Table 2.2 gives an impression of the sources used. For searching through the sources
the search terms mentioned in the previous section are used. The search terms are
combined to search expressions and used on these sources. The result can be found in
the reference list.
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Online

Online and CD

CD

Online

Online

Online

CD

Online

CD

Online
Online

Online

Online

Table 2.2: Search sources

Several documents were found only, they are too old to use them because several
statements in the documents are not valid anymore due to progress in science. We
expect that there will be more documents, because the FM broadcast band is in use for
a very long time. Unfortunately, no company has been found that has published its
results about the deterministic propagation modelling of the FM broadcast band. A
possible reason is that it can't be used by competitors in this field. Another reason is
that the focus is on other frequency bands. Presently, the main focus is on higher
frequency bands like SHF (Super High Frequency), where Bluetooth is active.
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2.3 Conclusions

The first results of the literature search were not encouraging. Not a single document
was found on deterministic propagation modelling of the PM broadcast band. In the
past several documents were published on empirical propagation modelling, but they
cannot be used to explain the occurrence of audio clicks.

Most of the found papers concern a specific solution to a specific problem.
The related documents, which can be used for the graduation assignment, are
mentioned in the reference list.

We expect that there are more documents because the PM broadcast band is in
use for a very long time. No company has been found that has published its results
about deterministic propagation models. A possible reason is that it then can't be used
by competitors in this field. Another reason is that the focus is on other frequency
bands.

The found documents are focusing on digital transmission in the SHF
frequency (and higher) region and cannot be used at the desired frequency. It has been
seen during the literature search that presently the focus of companies is on the SHF
region (Bluetooth etc.).

According to this literature study it is necessary to do measurements and
develop a propagation model for the PM broadcast band. This is the main focus of this
MSc study and will be described in the next sections.
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3 Transmitter (signal) properties

In this project the limitations of the possible solutions for suppressing the audio clicks
are (partly) given by the transmitter used for PM broadcasting. Due to these
limitations it is necessary to describe the transmission method used. It is not possible
to use another kind of modulation / transmission method. Therefore a brief description
is given of the transmitted PM broadcast signal.

3.1 Transmitter

The Transmitter broadcasts the MPX (Stereo Multiplexed Signal) given in figure 3.1.

Pilot

L+R L-R L-R

RDS

15 19 23 38 53 57 60 76kHz

Fig. 3.1: MPX signal

The first part of the MPX signal represents the audio of the left channel together with
the right channel (L+R). The reason to combine the left and right channel is to be
compatible with the existing mono receiver. The mono FM receiver only looks at the
a - 15 kHz part of the incoming PM signal. So the lower part of the Stereo MPX
contain the sum of the left and the right channels. In this way, the mono PM receivers
will not notice any change; it will just play back the L+R signal. To play back the
complete stereo signal a pilot is necessary. The pilot separates the mono system of the
stereo system. The last part of the MPX signal is the Seiko signal. The Seiko signal is
not transmitted anymore. It was in the past an experimental data transmission (still
used in Japan) instead of RDS. When the MPX is FM modulated it occupies
bandwidth. The space between the FM stations is in the Netherlands 100 kHz. The
bandwidth of the FM modulated signal is 2(deviation + input signal frequency). The
consequence is distortion of two transmitted signals when the location is close to each
other.

Another source of distortion is the new system introduced during the project: the
Zerobase system. The new system allows more usable frequencies for broadcasting.
There are 293 reserved PM-frequencies. Of the reserved frequencies there are 58
public networks, 151 nation wide commercial networks, 80 non nation wide
commercial network and 4 minorities. After the frequency changes the listener has
more choice of radio stations. This means more broadcast stations in the same
frequency band. The stations are more close to each other than before. In the map
(figure 3.2) the new situation is given, just as an example for a single station:
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Fig. 3.2: Coverage of Radio 4 (Zerobase system)

The Zerobase system is causing more inference than the old system. The transmitter
used for the measurements (chapter 5), is Lopik (Radio 4) has an antenna height of
207 m. The transmitted signal is vertical polarised. The theoretical coverage area of a
transmitter is based on a propagation model, which cannot be used for this project.

3.2 Conclusions

The propagation model used for the theoretical coverage of the transmitter cannot be
used in this project. The transmitter transmits with a vertical polarisation. This
knowledge on polarisation will be used to determine the amplitude of the reflecting
wave. During the project the Zerobase system was introduced. This new system
makes the receiving problem worse.
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4 Propagation at FM broadcasting

A transmitted signal travels via different paths to the receiver. During the journey the
signal is influenced by a number of factors. The factors, which influence the
amplitude and the phase of the individual received multipath signals are: propagation
path length, reflection coefficient and diffraction coefficients of buildings etc. The
variation of the received signal is called signal fading. The different types of fading
are categorised and explained in the first section. The cause of signal fading is given
together with an explanation in section 4.2. Section 4.2.3 discusses propagation via
multiple paths. The so-called multipath propagation can be static but also dynamic,
for example when a car moves. A moving car introduces Doppler frequency shift for
each multipath signal as will be explained in section 4.2.4. A model is necessary to
determine a possible cause of the clicks. According to the literature study there are
several models. It is important to analyse the different available models, to determine
if they are relevant for the project. Therefore the models are described briefly in this
chapter. After describing the models a conclusion is drawn, about which is the best
model to use. The model, that is used, is given in section 4.3.3.2. The real world
includes also buildings with certain dimensions. To find a building, which can cause
reflection, it is necessary to use the theory of Fresnel, which is described in section
4.4.

4.1 Types ojjading

There are several propagation phenomena, which can occur in a radio channel. These
lead to variation in amplitude and phase of the received signal in time. This is called
signal fading. There are several ways of how fading can occur. For example when the
mobile unit proceeds along its route, it passes many types of local scatterers,
including numerous other vehicles in motion. The presence of scatterers along the
path results in a constantly changing environment with many objects that can scatter,
reflect, and dissipate the transmitted mobile-radio signal energy. These effects often
result in multiple signal paths that arrive at the receiving antenna with different arrival
times and angles. When this happens, it has the effect of lengthening the time allotted
to a discrete portion of the signal information and can cause signal smearing. This
phenomenon is referred to as "delay spread". Delay spreading results in two effects,
time dispersion and frequency selective fading. Time dispersion and frequency
selective fading are both manifestations of multipath propagation with delay spread.
The different types of fading, according to [1], are described below.

Time dispersion:
Time dispersion stretches a signal in time so that the duration of the received signal is
greater than that of the transmitted signal. Time dispersion is a result of the signals
taking different times to cross the channel by different propagation paths. An example
of time dispersion is multipath.

Time selective fading:
This type of fading can cause signal distortion, because the channel may change its
characteristics whilst the transmitted signal is in flight. The channel seen by the
leading edge of the signal is not the same as that seen by the trailing edge.
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Frequency dispersion:
When the channel is time-variant, Doppler spreading (frequency dispersion) occurs.
Frequency dispersion results in the signal bandwidth being stretched so that the
received signal's bandwidth is different (greater or less) from that of the transmitted
signal.

Frequency selective fading:
This type of fading filters the transmitted signal, attenuating certain frequencies more
than others. Two frequency components closely spaced receive approximately the
same attenuation, however, if they are far apart they often receive vastly different
attenuation's. Frequency selective fading occurs because the electrical length of each
propagation path can be expressed as a function of frequency. If a signal has a short
duration then it is passed through the channel before any significant change in the
channel characteristics can take place. As a signal duration is increased, the channel is
able to change whilst the signal is still in flight, thereby causing distortion. The
distortion increases as the signal duration is increased. The different types of fading
are now categorised. The depth and number of different kind of notches can also be
characterised.

Depth offading
The possibility of a high dip of the signal is depending on the characteristics of the
channel. There are several channel models, that can describe it such as a:

• Rician channel model
• Rayleigh channel model

Which model should be used depends on the relative strength of the dominant path
and the scattered paths. To determine the type of channel, according to [2], the
following parameter is introduced:

K=
Power in dominant path

Power in the scattered paths
[4.1]

The different values of 'K' and its shapes are given in figure 4.1, K=O is a Rayleigh
channel.
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-.!!...- » E r • Table 4.1 shows the typical values for the ground constants that affect the
WEo
reflection coefficient.

Figure 4.4 gives an impression of the amplitude and phase changes of the reflected
wave compared to the incoming wave.

403015o
-200

403015o

t 1 t 0
Phase

Amp!. [deg]

0.5
-100

n

Angle of ground reflection [deg] -----. Angle of ground reflection [deg]-----.

Fig. 4.4: Amplitude and Phase Vs ground reflection coefficient

Seen in figure 4.4 the phase shift is about 180° by low reflection angles. Reflection by
buildings is treated differently and is explained in the next section.

Conclusion
Depending on the angle, both phase and amplitude can be anywhere between
minimum and maximum. Normally the incoming and the reflected rays in FM
broadcasting have a low angle, thus generating a phase shift of 180°.

4.2.2 Reflection by buildings

The ground reflection is explained in section 4.2.1. This section considers the
reflection at buildings. The incoming wave is horizontal seen by buildings instead of
vertical, in contrary to ground reflections. The same figure 4.3 can be used only the E
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Doppler spread. The exact shape of the resulting spectrum depends on the relative
amplitudes and directions of each of the incoming waves. The overall spectral width
is called Doppler bandwidth. The spectrum in more detail is given in [2].

Driving at a high speed, the frequency dispersion caused by Doppler must be taken
into account.

Conclusion
According to this section a moving car influences both frequency and phase of the
received signal. Driving very slow lead to a very low frequency shift, but the phase
influence stays the same. It is independent of the speed only the repetition time of the
phase variation changes.

4.3 Different types ofmodels

The different types of influences of the transmitted signal are now known. It is now
possible to determine an appropriate model. Roughly there are two types of models
empirical and deterministic models. The deterministic model gives a representative
model of the real world. The empirical models are based on measurements. For
completeness these models are listed in section 4.3.1 together with a short description.

4.3.1 Empirical based models

The empirical models found with the help of the literature study are given in this
section. The listed models can be found in [1], [3], [4]

Free space model:
This type of model is used for an unobstructed path. The power falls off proportional
to d2 and 1/).2. This model assumes a large distance between transmitter and receiver.
Reflection is not taken into account.

Okumura model
This model is site and frequency specific. The frequency range is between 100 MHz
and 3 GHz with a distance from the base station between the 1 and 100 kIn. The
antenna height is also taken into account. The height is 3 m for the receiver and 200 m
for the transmitter. Correction factors are available for a different antenna height. An
analytical approximation to the Okumura model is the Hata model.

Egli model
Also this model is frequency specific with a frequency range of 90 MHz to 1 GHz.
The model is based on plane-earth propagation and diffraction is not taken into
account. A study more in depth is given in [5].

Longley-Rice model
In contrary to the previous models this model is more detailed. The frequency range is
20 MHz to 20 GHz. The distance between the transmitter and the receiver is from 1 to
2000 kIn. The antenna heights that can be used are between the 0.5 and 3 kIn. Also the
polarisation is taken into account and can be vertical or horizontal.

Catena Radio Design 17
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Unfortunately the models in this section do not take small scale fading into account.
The other category models, the deterministic models, are given in the next section
with their advantages.

4.3.2 Deterministic models

The deterministic models described here represents the real world. A short description
is given of each model found with the literature study in chapter 2.

Maxwell's equations:
Using the Maxwell's equations gives the complete solution of the propagation
channel. Only the problem is that these equations are complex and every variable is
taken into account. More simple models that uses simplified Maxwell equations are
based on ray tracing. Ray tracing may be used when the reflecting objects are large
with respect to the wave length.

Ray tracing
Many available tools for predicting radio wave propagation using the so-called ray
tracing method. A study more in depth is given in [6]. A radio wave ray tracer acts as
an optical ray tracer. The geometry determines the amplitude and phase of each
received multipath signal. In this way, ray tracing models all signal components such
as reflection, scattering and diffraction. In general, reflection and transmission losses
are calculated from Fresnel's reflection and transmissions coefficients. The field
strength and delay spread at the receiver are calculated based on the field strength and
arrival times of all arriving rays. The arrival time of each ray is obtained from the
length of the geometrical path from the transmitter to the receiver. The surfaces of
buildings look like mirrors at radio frequencies, which means that a receiver will see
only an image of the transmitter on the wall. This will result in a gigantic number of
reflections for a single transmitter. As mentioned, a radio wave ray tracer acts as an
optical ray tracer. An optical ray tracer does not include diffraction (bending over and
around buildings and terrain) into account. To model this, a radio wave ray tracer
must take every ray that approaches the edge of a surface and break into several new
diffracted rays.

Ray tracing is often applied in indoor as well as outdoor prediction tools. According
to the literature study there are three types of outdoor (urban) environment structures.

•
•
•

macro cell structure
micro cell structure
pico cell structure
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The structures are visualised in figure 4.7.

Macro cell

Micro cell

Pico cell

Fig. 4.7: Cell structures

In macro cells, the base station is often placed well above an average rooftop, while
for micro cells the base station is placed well below the average rooftop. In macro
cells, the propagation path is dominated by the over the rooftop path, while for micro
cells reflections and diffraction from buildings and streets often dominate the
propagation environments. For such environments, ray tracing-type simulation models
are adequate and their use is justifiable. The FM broadcasting situation is covered by
the macro cell structure. The propagation path in the macro cell structure is dominated
by over the rooftop path propagation and by sideward reflections of buildings.

Conclusions ofthe available models
The best model to use is a model based on ray tracing. Mainly, because the model
covers all the propagation aspects and is much less complex than using Maxwell
equations. The empirical based models only give an indication of the fieldstrength,
which is not enough. A model based on ray tracing is necessary for diagnosing the
problem. Because ray tracing is the best method, it is used in this thesis.

4.3.3 Two-ray models

In section 4.3.2 is given that finding the cause of the clicks a model must be used
which is based upon ray tracing. The two-ray models, described here, satisfy the
requirements. Like any other model, there are restrictions to use the two-ray model,
which must be taken into account. The restrictions are:

•
•
•
•

Flat earth or reflection point.
No influence of troposphere (freq > 50 MHz)
No reflecting component of the troposphere (freq > 50 MHz)
There is no diffraction
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Together with:

[4.18]

this finally results in:

[4.19]

t
Ampl.

Equation 4.19 is plotted in figure 4.9. Antenna heights are 207 m for the transmitter
and 2 m for the receiver. This is realistic for FM broadcasting.

2

1.5

1

0.5

500 1000 1500

Fig. 4.9: Result two-ray model

2000 2500

Distance [m] ----.

Figure 4.9 shows that for small distances the ground reflected wave cause rapid
fluctuations of the received signal strength. For larger distances (>600 m) it causes an
additional signal attenuation. The influence of reflection by buildings will be
discussed in the next section.
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4.3.3.2 Two-ray model for reflection by buildings

In practice there is not only reflection by the ground as discussed in the previous
section but there is also reflection by buildings. The rays reflected by buildings are
treated differently due to the different reflection coefficient, than rays reflected by
ground (seen in section 4.2.1). The phase variation of a reflection of a wave by a
building is 1800 with a small angle according to section 4.2.2. Not only the reflection
coefficient changes also the two-ray model is different. The new situation is given in
figure 4.10.

TX

o
d r

...

dTX

.........................................................................................................................................................

.... .

dRX

Fig. 4.10: Two-ray model for building reflections

Building

From section 4.3.3.1 fonnula 4.14 and 4.15 are obtained, which is used for calculating
the path length difference. The new geometry results in a path length difference of:

The angle ex is defined as the angle between the horizontal line of dRX and vector x.
Together with

and

2n
qJ =-.(b-a)

A

[4.21]

[4.22]

this results in the total level variation caused by movement of the car in a direction
given in the figure and the reflection of the wave at a building in a horizontal plane by
substituting the path length difference in equation 4.22 and substituting equation 4.22
in 4.21. The equation, which is described here, is used for propagation of rays in a
horizontal plane with one direct ray and one reflected ray. The dimension of a
building is not taken into account.
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Conclusion
The model described in this section explains the signal level variation caused by a
movement of the car in a particular direction and rays reflected in a horizontal plane.
The model also includes the location of the receiver. One fact, which is not taken into
account, is the dimension of a building. The dimension of a building is important for
estimating the contribution of the wave reflected at that particular building.

4.4 The Fresnel zone for buildings

To estimate the influence of a wave reflected at a building, it is necessary to calculate
the approximate dimensions of the Fresnel zone for that wave at that building. Fresnel
zones represent successive regions where secondary waves have a path length from
the transmitter to receiver which are nJJ2 greater than the total path length. The
Fresnel zone defines a surface, which contributes to the reflection. The Fresnel zone
on a reflecting plane is given in figure 4.11.

Reflecting plane d

Fig. 4.11: Fresnel zone on a reflecting plane

The path difference b - a obtained via the geometrical point of reflection is:

The long side of the ellipse according to [7] is given by:

[
1+ 2(b-a):

d nA
x =- ---'--'-----------':-

2 (d
TX

+dRX )2
1+ _:":":"-_-'-=--

nM
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The short side of the ellipse according to [7] is given by:

.Q:d
y=

2
[4.25]

Only half of the surface of the Fresnel zone contributes to the fieldstrength at the
receiver position. For finding a valid reflection point in the real world, the short side
of the ellipse should match to the height of a building. If this is not the case, the
building won't contribute as a reflection point even when the long side matches. An
illustration of reflection by buildings is given in figure 4.12.

Fig. 4.12: Reflection by buildings

The formulas are used in chapter 5 for determine a possible reflection point.

4.5 Conclusions

The main focus during the measurements is on flat fading and frequency selective
fading. The model, which should be used, is a deterministic model. In this case we
take the two-ray model for determine a possible location of a building. For validation
a possible reflection point, the Fresnel theory is used.
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5 Measurements

Propagation of radio waves via different paths can influence the original transmitted
signal in amplitude and phase, which is explained in chapter 4. It is necessary to
perform measurements to determine the type of fading that degrades the audio quality
of the received signal in the real world. The measurements have been carried out
together with the Nozema. These measurements concerned the recording of the signal
level at the antenna-entrance of the receiver as well as the recording of the audio
signal during a run in a special measurement car. Disturbances of the audio signal that
typically occur in car-radio reception as clicks which could be clearly experienced.

5.1 Measurement setup and location

The Nozema uses a special measurement car, which is dedicated for determining the
transmitter coverage by means of signal level detection. There is one main receiver
and four sub receivers for RDS (Radio Data System) measurements. It is possible to
measure four stations at four different frequencies, simultaneously. A personal
computer controlled both the main receiver en the four sub receivers but was also
used for measurement logging. The computer logs the signal level with an interval of
7 cm and RDS block error rate with an interval of 0.5 s. A video camera records the
surrounding and the clicks in the audio. The receiving antenna is an omni-directional
141- antenna mounted at the centre of the roof of the car. Figure 5.1 gives an
impression of the used receivers.

Fig. 5.1: Main and sub receivers

The car runs on diesel. A car, which runs on petrol, produces igmtIon noise. The
ignition noises cause also clicks in the received audio. In this way clicks produced by
the ignition of the car can be neglected. Figure 5.2 shows the test car.
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Fig. 5.2: Testcar

A location is known in the neighbourhoodof Catenawhereclicks occur with a few
buildings closely to the receiverand a more or lessclearhorizon to the transmitter.
The nearestbuilding is at approximately150 m away from the receiver.To neglect
the Doppler effect the driving speedis chosento be very low. In this caseonly the
phaseof a transmittedsignal changeby the Dopplereffect accordingto section4.2.4.
The chosenlocation is free of other moving vehicles to neglectmoving scatterers.
Figure 5.3 shows a satellite picture to give an impression of the measurement
location.Theroadusedfor themeasurementsis marked.

Fig. 5.3: Satellitepictureof measurementlocation

It is now possibleto performmeasurementsbecausethe surroundingis know andthe
effects mentionedin the previous part can be neglected. In this way it is less
complicatedto find a possiblecause,which causesthe clicks. In an attemptto relate
the observedclick's to the (fades in the) receivedantennasignal we developedthe
procedureasdepictedin figure 5.4.
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